Abstract-Conventional analytical description of axial shielding for cylindrical shields is based on the assumption that the field reduction inside the shield is due to the demagnetizing field within the equivalent ellipsoid. It seems more reasonable, however, to employ in the axial shielding equation the demagnetizing factor calculated for the equivalent rod because the shields analyzed have the same outer surface as the rod does. In order to support the above idea experimentally, we built and investigated cylindrical shields having different aspect ratios. The permeability of the shielding material was controlled at a number of levels by magnetic shaking. The results obtained show a good agreement between the experimental and new analytical data.
I. INTRODUCTION
NALYTICAL description of axial shielding for cylindrical shields (neglecting the effect of the openings or caps) is based on the assumption [1] that the field reduction inside the shield corresponds to the demagnetizing field, 
where H ex is the uniform external field, H in is the field at the shield's center, ell d N is the demagnetizing factor of the equivalent ellipsoid [1] (see Fig. 2 ), and µ is the relative permeability. According to (1) , the axial shielding factor can be estimated as follows 
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where S t is the transverse shielding factor [1] .
There is some inconsistency in (1)- (3); it seems more reasonable to employ in the above equations the demagnetizing factor of the equivalent rod, It is interesting that numerical calculations do support the above idea [3] . On the other hand, (3) was tested in [1] , [4] by measuring the S t / S ax ratio. However, no account was taken in these experiments of the difference between the axial and transverse relative permeabilities, which are related in a nonlinear manner [4] to the corresponding maximum flux densities (see Fig. 2 ).
It is important, therefore, to test (2) directly by measuring and substituting in (2) the axial shielding factor and axial relative permeability. II. EXPERIMENT We used Metglas 2705M amorphous ribbon (see Fig. 3 ) of 50 mm width and 22 µm thickness, manufactured by Nippon Amorphous Metals, to build the experimental shield models. All shields (see Fig. 4 and Table I ) were built by winding 50×50 mm squares cut from the Metglas ribbon around nonconductive pipes in such a way that the magnetic anisotropy direction was in line with the shield axis (see Fig. 3 ). (We suppose that the air gaps between the ribbons are negligibly thin compared to the ribbon thickness and do not affect the axial shielding factor.) The permeability of the shielding material was controlled at a number of levels by magnetic shaking [5] (see Fig. 4 and Table II) .
A special experimental setup was used to measure relative permeability of the shielding material (see Fig. 5 , where the applied fields and magnetic anisotropy arrangement imitates the axial shielding in Fig. 4) . The permeability measuring procedure was similar to that described in [6] . The conditions and results of this experiment are described in Table II. We used a miniature magnetoresistive bridge of KMZ10 type, manufactured by Philips, (see Fig. 3 ) to measure the field at the shields' center. The magnetoresistive bridge was Table I ). Hence, all the axial shielding factors were measured nearly their static values [7] . We used a Helmholtz coil pair in order to apply the external 1-Hz magnetic field. The coils axis was set along the Earth's magnetic field. Another, coaxial Helmholtz coil pair was used to compensate the Earth's magnetic field. Each shield was demagnetized before the experiments. Shaking current [5] in the toroidal coils wound on the shields was supplied by a low-output-impedance power amplifier connected to an oscillator. The axial shielding factors were measured at the shields' center for different conditions described in Table II . Fig. 6 shows a comparison between the experimental and theoretical results. The solid lines in this figure correspond to the effective shielding factor for an open axial shield [7] 
, (4) where Sax op is the axial shielding factor due to the openings and k L is the axial exponential factor. The difference in the behavior of the solid and dashed characteristics is due to the substitution in (4) S ax according to (2) N and the theoretically predicted k L =2.405 [7] rather than the experimental k L =2.26 [7] .
One can see from Fig. 6 that the effect of the openings dominates for relatively short shields, with aspect ratios below 5, and is minor for relatively long shields, with aspect ratios beyond 5. It is important to note that in both these regions the experimental data is better approximated by (4) where the 
III. CONCLUSIONS
Axial shielding efficiency of open cylindrical magnetic shields is studied experimentally in a wide range of the shields length-to-diameter ratio (from 2.5 to 7) and in a wide range of the normalized permeability, µt/D, (from 62 to 28000). The experimental results suggest that axial shielding equations (2) and (4) should be corrected. A better matching between the theoretical and experimental results is achieved when the demagnetizing factor calculated for the equivalent rod rather for ellipsoid is substituted in (2) and the theoretically obtained in [7] k L =2.405 rather than the experimental k L =2.26 is substituted in (4).
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